The induced increase in respiratory rate as well as other metabolic activities in diseased plant tissues has been an object of extensive studies to elucidate mechanisms involved in host-parasite relationship1'2>. in a system of sweet potato root and the black rot fungus, Ceratocystis fimbriata, the characteristics of biochemical patterns which take place in the host tissue after the infection are a remarkable increase in a number of enzyme activity and an accumulation of some metabolites such as phenylpropanoids and furanoterpenoids3'4'. Uritani et al.5's~ have suggested that those metabolic alterations are closely related to defence mechanisms of the host tissue against pathogenic invasion; cellular stimulation of the host tissue due to incompatibility between the host cells and the pathogenic ones induces the metabolic alteration leading to active formation of some metabolites. Several results which support the above view were reported; rate of ipomeamarone4~ or chlorogenic acid7'8 formation by resistant varieties is larger than that by susceptible varieties.
Tosan Agricultural
Experiment Station, Konosu, Saitama and Kariya Farm, Takaoka, Aichi. The material was harvested in the middle of October and had been stored at 10 ° until used. Normn No. 10 is a highly resistant variety and Normn Nos. 4 and 5 are susceptible.
Resistance of Normn No. 1 lies between those of No. 10 and Nos. 4, 5 or rather close to the former.
Fungus inoculation and the subsequent incubation were carried out as described earlierl2~. Briefly, the roots sterilized with sodium hypochlorite solution were cut into blocks of 3 cm thickness and the blocks were incubated at 30° after the inoculation of the fungus spores on one side of the cut surfaces (diseased tissue) or without inoculation (cut tissue). The other side of the cut surfaces was covered with vaseline to prevent the tissue from air contact.
Since apparent degree of the infection as measured by the depth of infected region or ipomeamarone formation during the incubation period was not affected by concentrations of spore suspension over 10~ spores per ml, the suspension at 107 spores per ml was used throughout this investigation.
At every 24 hr. of the incubation period, tissue cylinders of 10 mm diameter were punched out of the blocks with a cork borer in such a way that an axis of the tissue cylinder corresponds to an axis of the block, that is, the cut or inoculated surface of the block makes the one side of the cylinder. The cylinders were then sliced into thin discs (0.5 mm thick) with a hand microtome in layers from the cut or inoculated surface toward inner part.
The discs obtained from the different depth were collected differently and rinsed with distilled water before use to remove starch granules.
Discs from the depth between 0.0 and 0.5 mm are termed the first layer and those from 0.5 to 1.0 mm the second layer and so on. Measurement of respiratory rate was carried out with a conventional Warburg manometer at 30°. Groups of 10 discs were blotted and placed in the manometer flasks containing 3 ml of distilled water ; the center well contained 0.3 ml of 15°0 KOH. The manometer reading was started after 10 to 15 min. of thermal equilibration.
The oxygen uptake of 10 discs per 50 min. is given in figures.
Results
Relation between the host resistance and apparent degree of the infection. In a practical sense, a "resistant variety" is termed for a variety in which fungal penetration following the infection limited to a small extent. On the contrary, pathogenic invasion continues in a susceptible variety resulting in a deeper injured region.
The relationship between the host resistance and degree of the fungus invasion among four varieties of sweet potato roots was observed as shown in Table  1 . Number in the table indicates parts occupied by necrotic area over one side of a disc obtained from the various depth.
Number 10 means that total area of a disc is covered with black necrotic area and number 0 shows no fungus invaded region at all; the disc is apparently sound though rapid browning starts after slicing in case of diseased tissue. After 24 hr. of the incubation, uniform growth of the mycelia was observed on the inoculated surface but no necrosis took place in any varieties.
Clear difference in fungus invasion depending upon the host resistance was observed after 72 hr. of the incubation.
In a highly resistant variety, Normn No. 10, the depth of necrotic region is restricted up to 0.5 to 0.7 mm from the surface, while the necrosis is found even in the third layer, up to 1.5 mm from the surface, in susceptible variety.
Since cytological study13> indicated that necrosis of the host tissue is always accompanied by invasion of the fungus into the cell, magnitude of the necrosis reflects degree of actual penetration of the mycelia into the tissue. Thus, lesser degree of the invasion in more resistant variety at 48 to 72 hr. suggests that degree of the defence reactions of the host tissue varies depending upon the resistance.
Time course development of the induced respiration at various depth. Cut storage tissues of higher plants are known to increase their respiratory rate by incubation under aerobic conditions. Laties14~ reported that oxygen uptake of potato discs freshly prepared was about 5 fold that of the intact potato and further increased by aerobic incubation to an extent which was depedent upon disc thickness. In Fig. 1 , changes in oxygen uptake of diseased and cut tissues at various depth during the incubation are presented. In sweet potato roots as well as in potato tubers, increase in oxygen uptake of cut tissues was observed only in the first 24 hr. of the incubation and further incubation did not affect the rate of oxygen uptake. The magnitude of the increase was depending upon the depth from the surface (see Fig. 3 ). As shown in the figure, the fungus infection always induced larger uptake of oxygen over cut tissues in every variety of the materials tested, and difference in the resistance was reflected in the patterns of the respiratory develoment. In case of the resistant varieties, the respiratory rate of the first layer rose up during 24 hr. incubation and no increase occurred thereafter, while that of the susceptible varieties continued to rise for 96 hr, of incubation period. The respiration of the inner parts in the resistant varieties increased until 72 hr. and began to decrease after that time, but that in the susceptible varieties continued to increase and no maximum as a function of the incubation period was observed.
Correlation between the host resistance and the magnitude of the induced respiratory rate at a limited Respiratory patterns as a function of the depth from the surface are shown in Fig. 3 . The increment of oxygen uptake by cut tissue decreases first sharply and then gradually to a level which is still larger than that of the fresh discs, as the depth from the surface becomes deeper.
After 24 hr. of the infection when necrosis of the host tissue does not yet appear, the patterns are somewhat similar to those of cut tissue .. After 48 hr. incubation, however, maximum of the respiratory rise appeared in the 3rd layer in the resistant varieties and in the 3rd to the 4th in the susceptible varieties.
The decrease of the respiratory rate in the inner tissue are more rapid in the resistant varieties than in the susceptible varieties, that is, the against distance away from the cut surface, the curve is negatively exponential in both the uninfected cut tubers and the tubers infected by an incompalible race of Phytophthora infestans.
In our case of sweet potato roots with the black rot fungus, however, the negative exponential curve in an exact sense has not been obtained as shown in Fig. 3 .
Discussion
It is considered that an overall result of the metabolic alterations induced by the infection in plant tissues is reflected as respiratory development of the host tissue. Therefore, comparative study of the induced respiration of varieties of different resistance might suggest the nature of the resistance inherent to the host tissue. The present results indicated that although a simple cutting procedure also induced a respiratory increase of the tissue to a certain extent, respiratory patterns induced by the infection were dependent upon degree of the resistance.
Pathological aspect of resistance is that when the pathogen penetrated into the host cell, reactions of the host cell induce self-destruction of the cell organization which in turn brings death of the pathogen as well as the host cell. On the contrary, susceptibility allows growth of the pathogenic cell at the site of infection.
The self-destruction of the cell organization is a result of the series of biochemical processes involved in the defence mechanism and depends upon degree of the resistance.
As have been reported from this laboratory, metabolic alterations induced by the infection occur in a region where actual pathogenic invasion into the cell does not yet take place and our hypothesis is that the biochemical processes in that particular region may be a clue to elucidate principal nature of the host resistance.
Time course study of the respiratory development at various depth from the infected surface demonstrated that respiration of the susceptible varieties continues to increase after infection for a period examined (92 hr.), whereas in the resistant varieties there was found a maximal point at 72 hr. of infection ( Figs. 1 and 2) . The result suggested that the defence reactions in response to the fungus invasion are actively operated even in the inner part.
The decrease in the respiratory rate found in the resistant varieties after 72 hr. may indicate that after the active defence reaction, the defence of the host cells completed, and the biochemical processes involved in the mechanism decreased, causing a return of the increased respiratory rate to the normal level. There was no indication of death of the host cells of the 3rd to 7th layers at 96 hr. enough to account for the respiratory decrease.
Since the susceptible varieties of sweet potato are not entirely susceptible to the black rot fungus, the defence reactions of some extent take place. This is seen as a constant rise of the respiratory rate in Nos. 4 and 5, after the 24 hr. lag period, but no decrease takes place owing to the lack or delay of the completion of the defence reactions. A noticeable characteristic of the resistance or susceptibility is seen in the 1st layer. The first layer is a site where the pathogenic attack is most direct and drastic.
A fact that the respiratory rate of the first layer in the resistant varieties laid off after 24 hr. shows death of the host and pathogenic cells at an early stage of infection.
In the susceptible varieties, however, the increased respiration of the first layer is presumably due to the live fungus, but not the host cells still alive, for cells in thee necrotic area are entirely damaged and no living cells exist.
Another feature of the resistant varieties is a rapid reponse of the respiratory development found in the first 24 hr. infection. The resstance of No. to is higher than that of No. 1 and this difference is reflected to the respiratory rates at 24 hr. between two varieties.
The susceptible varieties, however, need some time in order to respond to stimulation induced by the pathogenic invasion.
The result indicates that the host when attacked by the pathogen initiated its defence reactions more rapidly in the resistant varieties than in the susceptible ones. Similar results have been reported in potato tissue infected with Phytophthora infestanslei and wheat with Puccinia graminis17', and recognized as a hypersensitivity reaction.
Hypersensitivity is a characteristic of resistant variety, and it has been reported that if the host tissue is treated with 2, 4-DNP or other metabolic inhibitors18,19> to inhibit respiratory mechanism, the hypersensitivity of the host decreases and at the same time the resistance is lost. Although there have been no direct evidences, it is reasonable to say that the increased respiratory rate induced by the infection is an outlook of the operating defence reactions.
It should be cited here that the tissues of the resistant varieties show more prompt response than that of the susceptible varieties, when the pathogenic fungus attacks the tissue. On the contrary, the strain of C. fimbriata isolated from Syngonium auritum which is nonpathogenic to sweet potato neither induced high respiratory increase, nor penetrated deeply into the cells as does the pathogen from sweet potato2o;. Site of the most active defence reactions after the infection is a part where the fungus does not yet penetrate (the 3rd to the 4th layers) ; initiation of the defence reactions does not need the contact of the fungus cell to the host cell (Fig.  2) . A decrease in the repiratory rate found in the 2nd layer of the susceptible varieties indicates that owing to the lack of the initial defence reactions, the fungus invaded into the 2nd layer at early stage of the infection and destroyed the part of tissues (Fig. 3 ). This is supported by a result that the respiratory rate of the 2nd layer of No. 4 decreased as the infection procceds.
Further growth of the fungs in the 2nd layer is inhibited by the delayed defence reaction which occurred in the 3rd or inner layers after 24 hr. In the 1st layer, however, the fungus growth surpassed the tissue reactions leading to an apparently high rate of the respiration. The broader or deeper range of the induced respiration in the susceptible varieties ( Fig. 2) indicates that weak resistance allowed the fungus to penetrate into deeper tissues resulting continuous stimulation of the host cells.
It is an important problem what initiates a series of the defence reactions in a substantial level. It has been failed to prove the presence in the fungus or the diseased tissue of a factor which plays as a trigger for the tissue activation.
Muller proposed an idea of phytoalexin21 and later his group isolated pisatin from diseased pea pod22, and phaseolin from diseased bean pods28>. Other type of factors which is produced by the fungus and stimulates the host respiration has been reported in oats with Helminthosporium victoriae24> and barleys with Erysiphe graminis2'~. In our system, ipomeamarone is formed only after the infection and increases the respiration.
Those compounds, however, seem to be not involved in the triggering mechamisms.
In this connection, it is interesting to compare the metabolic alterations induced by the infection with those by a mere cutting.
The respiratory rate induced by cutting tissue is in reverse relationship with the thickness of the tissue slices14>, and the region of the tissue activation is rather narrow.
In case of the infected tissue, however, the region is broader.
Cutting is a single stimulus for the tissue, 
